Introduction
============

Glioma is one of the most common primary central nervous system tumors with high mortality and poor 5-year survival rate ([@b1-ol-0-0-6055]). Gliomas represent a disparate group of tumors for which there are to date no cure. Thus, there is an urgent need for novel diagnostic and therapeutic methods based on the increased understanding of the molecular mechanisms of glioma ([@b2-ol-0-0-6055]). Cancer stem-like cells (CSCs) are poorly differentiated multipotent tumor-propagating cells that disproportionately contribute to therapeutic resistance and tumor recurrence ([@b3-ol-0-0-6055]). Research has been performed to identify the approaches to inhibit CSCs. Suppression of stathmin, an oncogene, inhibited invasion and enhanced chemotherapy sensitivity of stem cells derived from glioma cell lines ([@b4-ol-0-0-6055]).

AKT serine-threonine kinase 1 (AKT) is a downstream target and effector of phosphatidylinositol 3-kinase (PI3K). AKT is considered to be a key regulator of cell growth and fate decisions in tumors ([@b5-ol-0-0-6055]). It has been reported that inhibition of the AKT pathway could suppress glioma ([@b6-ol-0-0-6055]). CD133 is a marker of glioma stem-like cells. A previous study demonstrated that the CSC marker, CD133, was associated with activated AKT and radiation resistance in colon cancer cells ([@b7-ol-0-0-6055]). Zhu *et al* ([@b8-ol-0-0-6055]) identified that overexpression of CD133 enhanced chemoresistance to 5-fluorouracil by activating the PI3K/AKT/ribosomal protein S6 kinase pathway in gastric cancer cells.

MicroRNAs (miRNAs) are small non-coding RNAs which have an important role in regulating gene expression ([@b9-ol-0-0-6055]). MicroRNA-200b (miR-200b) targets protein kinase Cα and suppresses triple-negative breast cancer metastasis ([@b10-ol-0-0-6055]). The restoration of miR-200b expression may inhibit the maintenance of CSC properties and the reverse chemoresistance of CSCs. The histone deacetylase 1/miR-200b/Suz-12-E-cadherin signaling may account for maintenance of CSCs ([@b11-ol-0-0-6055]). The current study aimed to identify the role of miR-200b in CD133^+^ glioma cells.

Materials and methods
=====================

### Cell culture and sorting

Cells (TC1 and TC2 cells) were isolated from primary surgical glioma biopsy specimens in accordance with protocols as previously described ([@b12-ol-0-0-6055]). The U251 glioma cell line was purchased from the Chinese Academy Medical Science (Beijing, China). The cells were cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS), penicillin and streptomycin, all of which were obtained from Gibco (Thermo Fisher Scientific, Inc., Waltham, MA, USA) and were cultured in a humidified chamber with 5% CO~2~ at 37°C. All transfections were performed using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Magnetic beads (Dynabeads M-450 Epoxy; Invitrogen; Thermo Fisher Scientific, Inc.) labeled with CD133 antibody (catalog no., PA5-38014; Thermo Fisher Scientific, Inc.) were incubated with 2.5×10^6^ cells in 1 ml B1 solution containing Dynabeads for 30 min at 4°C. In total, 25 µl of labeled Dynabeads was incubated with 2.5×10^6^ cells. Suspension was incubated for 20 min at 4°C with gentle rotation followed by 2 min positive isolation using an EasySep magnet (cat. no. 18000; Stemcell Technologies, Inc., Beijing, China). Bead-bound cells were washed 4 times using 1 ml PBS buffer.

### Tissue samples

Glioma samples (n=80) and normal brain tissues (n=20) were collected at the The First Affiliated Hospital of Guangdong Pharmaceutical University (Guangzhou, China) with written consent from patients or family members of patients in accordance with institutional guidelines as approved by the First Affiliated Hospital of Guangdong Pharmaceutical University. Pathology was graded according to World Health Organization criteria. The RNA were extracted from the tissues using TRIzol reagent (Thermo Fisher Scientific, Inc.) for reverse transcription-quantitative polymerase chain reaction (RT-qPCR) detection.

### RT-qPCR

RT of specific miRNAs (from 10 ng of total RNA) was performed using the real-time loop primers for each type of miRNA and the TaqMan miRNA RT kit from Applied Biosystems (Thermo Fisher Scientific, Inc., Waltham, MA, USA). cDNA obtained using GoScript™ Reversion Transcription Mixes (Promega Corporation, Madison, WI, USA)was used for quantitative TaqMan PCR using the real-time primers provided, according to the manufacturer\'s instructions. Cq values were converted to fold expression changes (2^−ΔΔCq^ values) ([@b13-ol-0-0-6055]) following normalization to U6 small nuclear RNA (primers; forward 5′-CTCGCTTCGGCAGCACA-3′, reverse 5′-AACGCTTCACGAATTTGCGT-3′). For mRNA analysis, miR-200b mimics, inhibitor sequences or control sequences were transfected into glioma cells. The primer sequences were as follows: hsa-miR-200b mimics, 5′-CAUCUUACUGGGCAGCAUUGGA-3′; miR-NC, 5′-UUCUCCGAACGUGUCACGUTT-3′; miR-200b inhibitor, 5′-UCAUCAUUACCAGGCAGUAUUA-3′; inh-NC, 5′-CAGUACUUUUGUGUAGUACAA-3′ (GenePharma, Shanghai, China). RT was performed on total RNA using random primers (GE Healthcare Life Sciences, Chalfont, UK), and GAPDH (forward 5′-TTGCCATCAATGACCCCTTCA-3′, reverse 5′-CGCCCCACTTGATTTTGGA-3′) were used to control for cDNA concentration in a separate PCR reactions for each sample. LightCycler Fast Start DNA Master SYBR Green Mix (Roche Diagnostics GmbH, Mannheim, Germany) was added to each PCR reaction along with cDNA and 1 pmol primer in a total volume of 10 µl.

### Luciferase assays

The full-length of the 3′ untranslated regions (UTRs) of the prominin 1 (PROM1) gene, which encodes CD133, was amplified by PCR from U251 cells genomic DNA and inserted into the pGL3 control vector (Promega Corporation) using the *Xba*I site immediately downstream from the stop codon of luciferase. Several inserts with deletions of 6 bp from the site of perfect complementarity of the PROM1 gene were generated using the Qiagen XL-Site Directed Mutagenesis kit (Qiagen, Inc., Valencia, CA, USA). U251 cells were cotransfected using nucleoporation (Amaxa; Lonza Group, Ltd., Basel, Switzerland) according to the manufacturer\'s protocol (solution V, programme T-016) using 5 µg of the firefly luciferase reporter vector and 0.5 µg of the control vector containing Renilla luciferase (pRL-TK; Promega Corporation). Each nucleoporation used 50 nM of the miR-200b or a scrambled oligonucleotide. Firefly and Renilla luciferase activities were measured consecutively using the dual luciferase assay and Thermo Scientific Multiskan MK3 Microplate Reader (Thermo Fisher Scientific, Inc.) 48 h after transfection.

### Cell number counting

A total of 10,000 TC1 and TC2 cells were plated onto a 24-well plate. Upon attachment, cells were transfected with scramble control miRNA, miR-200b mimics, inhibitor control or miR-200b inhibitor. Each group was evaluated in duplicate in six wells. After being transfected for 24, 48, 72 or 96 h, cells were digested with 100 µl trypsin, and then 0.5 ml RPMI-1640 medium supplemented with 10% FBS, penicillin and streptomycin was added. Upon mixing, 10 µl cell suspension was added into a slide, which was then inserted into a cell counter (Bio-Rad Laboratories, Inc., Hercules, CA, USA) to count the cell number.

### Bromodeoxyuridine (BrdU) cell proliferation assay

The cell proliferation assay was performed by measuring BrdU incorporation into the newly synthesized DNA of replicating cells. Cells were then infected with miRNA mimics and inhibitor. The cells were loaded with BrdU (Roche Applied Science, Penzberg, Germany) in the last 4 h of treatment with miRNA mimics or inhibitor. BrdU incorporation was quantified by BrdU immunohistochemical staining kit (Abcam, Cambridge, UK) following manufacturer\'s instructions. Three fields were chosen randomly from 10 sections to ensure objectivity of sampling. Digital images were acquired using a confocal microscope. Each assay was repeated three times. From total of 100 cells from each field the ratio of BrdU-positive cell was calculated.

### Western blot

Glioma cells were transfected with CD133 siRNA (sense, 5′-GGCUGCUGUUUAUUAUUCUTT-3′ and antisense, 5′-AGAAUAAUAAACAGCAGCCTT-3′) and nonspecific siRNA (sense, 5′-UUCUCCGAACGUGUCACGUTT-3′ and antisense, 5′-ACGUGACACGUUCGGAGAATT-3′) (Riobio, Guangzhou, China). The proteins from glioma cell lines were extracted using RIPA lysis buffer with a proteinase inhibitor. The protein concentration in the lysates was measured with the Protein Bicinchoninic Acid Assay kit (Bio-Rad Laboratories, Inc.), and 20 µg of the total protein mixed with 2X SDS loading buffer was loaded per lane. The proteins in the lysates were separated by 12% SDS-PAGE and transferred to polyvinylidene difluoride (PVDF) membranes (EMD Millipore, Billerica, MA, USA). To block nonspecific binding, the membranes were incubated at room temperature for 1 h with 5% skim milk powder. The PVDF membranes were then incubated for 12 h at 4°C with an antiserum containing antibodies against CD133 rabbit monoclonal antibody (mAb) (dilution, 1:1,000; catalog no., 5860; Cell Signaling Technology, Inc., Danvers. MA, USA), GFAP mouse mAb (dilution, 1:200; catalog no., sc-71143; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), p-AKT rabbit mAb (dilution, 1:1,000; catalog no., 4060; Cell Signaling Technology, Inc.), AKT rabbit mAb (dilution, 1:1,000; catalog no., 4691; Cell Signaling Technology, Inc.), Notch1 rabbit mAb (dilution, 1:1,000; catalog no., 3608; Cell Signaling Technology, Inc.) and β-actin mouse mAb (dilution, 1:1,000; catalog no., 3700; Cell Signaling Technology, Inc.). Secondary antibodies consisted of rabbit anti-mouse horseradish perosidase (HRP)-conjugated (catalog no., BA1058) and goat anti-rabbit HRP-conjugated (catalog no., BA1058) obtained from Boster (Wuhan, China). The secondary antibodies were diluted at 1:5,000 and incubated with the membrane at room temperature for 1 h and enhanced chemiluminescence western blot detection reagents (New England Biolabs, Inc., Ipswich, MA, USA) were used to visualize the target proteins, which were quantified with a Bio Image Intelligent Quantifier 1-D (version 2.2.1; Nikon, Tokyo, Japan).

### Statistical analysis

In general, significance was analyzed by unpaired two-tailed Student t test using GraphPad InStat 5.0 software (GraphPad Software, Inc., La Jolla, CA, USA). The significance of CD133 expression differences in glioma samples was determined by using Student t test (two-tailed). Results are expressed as the mean ± standard deviation. Pearson correlation assay was used to analyze the correlation between CD133 expression and miR-200b expression. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### CD133 expression is elevated in gliomas and negatively correlated with the expression of miR-200b

Analysis of the expression of miR-200b and mRNA levels of CD133 in glioma tissues was conducted using tissues obtained from the First Affiliated Hospital of Guangdong Pharmaceutical University. The expression of miR-200b was significantly downregulated (P\<0.01) and CD133 was significantly upregulated (P\<0.01) in glioma compared with normal tissues ([Fig. 1A](#f1-ol-0-0-6055){ref-type="fig"}). Statistical analysis indicated that the expression of CD133 was negatively correlated with miR-200b in glioma tissues (P=0.06; [Fig. 1B](#f1-ol-0-0-6055){ref-type="fig"}).

### miR-200b levels are required for proliferation and stem-like properties of human glioma cells

To address the importance of miR-200b in gliomas *in vitro*, the TC1 and TC2 glioma tissues initiated cell lines were used. Cells were transfected with miR-200b mimics, a scrambled control, miR-200b inhibitor or a negative control and were subsequently collected. Cell number counting assay demonstrated that miR-200b reduced cell growth compared with the scramble control and inhibition of miR-200b increased cell number compared with the negative control after culture for 48 and 72 h in TC1 and TC2 cells ([Fig. 2A](#f2-ol-0-0-6055){ref-type="fig"}). In TC1 and TC2 cells, the effect of miR-200b on proliferation was confirmed by BrdU staining ([Fig. 2B and C](#f2-ol-0-0-6055){ref-type="fig"}). The number of BrdU-positive TC1 and TC2 cells was decreased by miR-200b mimcs compared with scramble control (P\<0.05), but increased by miR-200b inhibitor compared with the inhibitor control (P\<0.05), as detected by BrdU staining ([Fig. 2C](#f2-ol-0-0-6055){ref-type="fig"}). miR-200b in TC1 cells significantly reduced mRNA expression of the proliferation marker, Ki67 (P\<0.05), and GAP43 (P\<0.05), a marker of mature neurons compared with the scramble control, and also decreased the levels of markers known to identify normal stem-like cells and brain tumor-initiating cells, CD133 (P\<0.05), and GFAP (P\<0.05). miR-200b inhibitor had the opposite effect ([Fig. 2D](#f2-ol-0-0-6055){ref-type="fig"}). These data prompted the hypothesis that miR-200b levels may be important for proliferation and directing the fate certain cells in glioma.

### PROM1 is a direct target of miR-200b

We used Targetscan (<http://www.targetscan.org/mamm_31/>) to help identify miR-200\'s targets in human glioma. PROM1 was predicted ([Fig. 3A](#f3-ol-0-0-6055){ref-type="fig"}), which encodes CD133 protein. The full-length PROM1 3′-UTR was cloned downstream of the firefly luciferase gene and cotransfected with miR-200b mimics or scrambled oligonucleotides and LNA-modified anti-miR-200b oligonucleotide or a control oligonucleotide. U251 cells cotransfected with wild type PROM1 reporter constructs and miR-200b mimics exhibited a significant reduction of luciferase activity compared with cells transfected with scramble control miRNA (P\<0.05; [Fig. 3B](#f3-ol-0-0-6055){ref-type="fig"}). Additionally, mutation of the putative miR-200b target sites in the 3′-UTR of PROM1 abrogated luciferase the response to miR-200b ([Fig. 3B](#f3-ol-0-0-6055){ref-type="fig"}). miR-200b mimic or a scrambled oligonucleotide was transfected into TC1 and TC2 cells. The result demonstrated that there was a marked reduction of the mRNA and protein level of CD133 in miR-200b overexpressed TC1 and TC2 cells compared with scrambled control ([Fig. 3C and D](#f3-ol-0-0-6055){ref-type="fig"}). Taken together, these results indicated that miR-200b downregulates CD133 expression by directly targeting its 3′UTR.

### miR-200b expression has a critical role in the stemness properties and division of the CD133+ glioma cells

TC1 cells with and without CD133 expression were isolated. The expression of miR-200b in CD133^+^ TC1 cells was higher than in CD133^−^ TC1 cells ([Fig. 4A](#f4-ol-0-0-6055){ref-type="fig"}). To determine the potential role of miR-200b in the CD133^+^ glioma cells, multiple proliferation and stem-like markers were detected. Transfection of TC1 cells with miR-200b mimics significantly reduced the mRNA levels of the proliferation marker Ki67, GFAP, Nestin and GAP43 ([Fig. 4B and C](#f4-ol-0-0-6055){ref-type="fig"}). The miR-200b inhibitor exerted the opposite effect ([Fig. 4B and C](#f4-ol-0-0-6055){ref-type="fig"}). To determine the potential role of miR-200b in the CD133^+^ populations with neurosphere formation capacity, U251 cells were cultured and passaged in monolayers or as spheres to promote self renewal *in vitro*. Overexpression of miR-200b suppressed colony and sphere formation of CD133^+^ TC1 cells. However, miR-200b inhibitor enhanced the colony and sphere formation of CD133^+^ TC1 cells ([Fig. 4D and E](#f4-ol-0-0-6055){ref-type="fig"}).

### miR-200b regulates AKT signaling by targeting CD133 in CD133^+^ glioma cells

The activity of AKT signaling was detected in CD133^+^ glioma cells treated with miR-200b mimics and CD133 was knocked down. The data demonstrated that overexpression of miR-200b and inhibition of CD133 reduced levels of phosphorylated AKT and Notch compared with the scramble miRNA and control si, respectively, but had no effect on total Akt ([Fig. 4F](#f4-ol-0-0-6055){ref-type="fig"}).

Discussion
==========

Many CSCs markers have been suggested to be potential prognostic and predictive markers in glioma, including CD133 and Nestin. CD133 and Nestin were detected in all histological subtypes of glioma, but predominantly in WHO grade III and IV tumors ([@b14-ol-0-0-6055]). The present study identified that CD133 was overexpressed in glioma cell lines and tissues.

miR-200b is a member of the miR-200 family that suppress tumors. The miR-200 family members are strongly associated with pathological epithelial to mesenchymal transitions (EMT) and to have a metastasis suppressive role ([@b15-ol-0-0-6055]). miR-200b suppresses arsenic-transformed cell migration by targeting protein kinase Cα, the Wnt5b-protein kinase Cα positive feedback loop and inhibiting Rac1 activation ([@b16-ol-0-0-6055]). miR-200b was downregulated in the adriamycin-resistant small lung cancer H69AR cells and enforced expression of miR-200b by miRNA mimics increased cell sensitivity to adriamycin ([@b17-ol-0-0-6055]). A previous study demonstrated that miR-200b may be a novel and valuable marker for predicting the clinical outcome of patients with glioma ([@b18-ol-0-0-6055]). miR-200b was reported to be prognostic factor and to target multiple members of the RAB GTPase family in glioma ([@b19-ol-0-0-6055]). The current study identified that miR-200b was downregulated and negatively correlated with the expression of CD133 in glioma tissues.

CD133 is encoded by the PROM1 gene. Expression of PROM1 in cancer is considered similar to the expression and function observed in normal stem cells. Overexpression of PROM1 is inversely correlated with isocitrate dehydrogenase (R132H) mutation. These findings support thay PROM1 functions as a tumor cell-intrinsic marker associated with glioma survival ([@b20-ol-0-0-6055]). Use of the online software, Targetscan, indicated that PROM1 is a direct target of miR-200b. The the best of our knowledge, the current study is the first to demonstrate that PROM1 is a direct target of miR-200b.

Glioma stem cells have self-renewal capability and are resistant to conventional chemotherapy. The role of miRNA dysregulation in stemness and division remains to be identified. A recent study demonstrated that targeting the miR-34a-Notch1 axis reduces breast cancer stemness and chemoresistance ([@b21-ol-0-0-6055]). miR-145 is a strong repressor of EMT. The transcriptional repressor zinc-finger E-box binding homeobox 2 (ZEB2) is a target of miR-145, and it can also regulate the expression of miR-145. The ZEB2/miR-145 double-negative feedback loop is important for the control of EMT and stem cell properties during the bone metastasis of prostate cancer cells ([@b22-ol-0-0-6055]). miR-300 promotes self-renewal and inhibits the differentiation of glioma stem-like cells ([@b23-ol-0-0-6055]). Although miR-200b was demonstrated to be a tumor suppressor, its role in stemness properties remains unknown. The present study initially identified that the expression of miR-200b was essential for proliferation and stem-like properties of human glioma cells, TC1 and TC2. Subsequently, CD133^+^ cells were isolated from the glioma cell population and revealed that miR-200b expression was important for the stemness properties and proliferation of CD133^+^ glioma cells.

A previous study demonstrated that upregulation of miR-200b in patients with biliary atresia accelerates the proliferation and migration of hepatic stallate cells by activating PI3K/AKT signaling ([@b24-ol-0-0-6055]). Zinc finger protein, FOG family member 2 downregulation by transforming growth factor-β1-induced miR-200b/c leads to AKT kinase activation and glomerular mesangial hypertrophy associated with diabetic nephropathy ([@b25-ol-0-0-6055]). The present study aimed to understand the association between miR-200b and AKT signaling in glioma stem-like cells. The data indicated that overexpression of miR-200b and inhibition of CD133 activated AKT signaling in CD133^+^ glioma cells.
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![miR-200b suppresses the expression of CD133 in glioma cells. (A) The expression of miR-200b and CD133 in 20 normal brain tissues and 80 glioma samples. (B) Correlation between the expression of miR-200b and CD133 in glioma tissues. miR, microRNA.](ol-13-06-4701-g00){#f1-ol-0-0-6055}

![miR-200b levels are essential for proliferation and stem-like properties of human glioma cells. (A) Left and middle: Number of TC1 and TC2 cells infected with scrambled control, miR-200b mimics or miR-200b inhibitor; Right: The miR-200b expression was detected by RT-qPCR. (B) Imaging of TC1 and TC2 cells cells positive for BrdU staining. (C) Quantification of TC1 and TC2 cells positive for BrdU staining. (D) RT-qPCR detected Ki67, GAP43, GFAP and CD133 levels in TC1 cells infected with scrambled control, miR-200b mimics or miR-200b inhibitor. \*P\<0.05, \*\*P\<0.01 vs. scramble; ^\#^P\<0.05, ^\#\#^P\<0.01 vs. inhibitor control. miR, microRNA; GAP43, growth-associated protein 43; GFAP, glial fibrillary acidic protein.](ol-13-06-4701-g01){#f2-ol-0-0-6055}

![PROM1 is a direct target of miR-200b. (A) Schematic representation of putative miR-200b-binding sites in the 3′UTR of PROM1. (B) U251 cells were cotransfected with wt or mut PROM1 3′-UTR, pGL-3 control and either miR-200b or negative control. Relative firefly luciferase activity was normalized to Renilla luciferase activity. (C) Expression of PROM1 mRNA was detected by reverse transcription-quantitative polymerase chain reaction in TC1 and TC2 cells transfected with miR-200b mimics or control mimic and in these two cells transfected miR-200b inhibitor or control inhibitor. (D) Protein level of CD133 was detected by western blot analysis in TC1 and TC2 cells transfected with miR-200b mimics or control mimic and in these cells transfected with miR-200b inhibitor or control inhibitor. GAPDH was used as an internal control. \*P\<0.05, \*\*P\<0.01 vs. scramble control. 3′UTR, 3′ untranslated region; miR, microRNA; PROM1, prominin 1.](ol-13-06-4701-g02){#f3-ol-0-0-6055}

![miR-200b expression has a critical role in the stemness properties and division of the CD133^+^ glioma cells. (A) TC1 cells were sorted and CD133^+^ and CD133^−^ populations were analyzed by RT-qPCR for CD133 and miR-200b levels. \*\*P\<0.01 vs. CD133^+^. (B) TC1 cells were sorted for CD133. The CD133^+^ population was transfected with scrambled control, miR-200b mimics or miR-200b inhibitor. Overexpression and knockdown confirmed by RT-qPCR. Effects on CD133, Ki67 and GFAP mRNA levels. (C) RT-qPCR of different markers (Nestin, GAP43) from the CD133^+^ population transfected with scrambled control, miR-200b mimics or miR-200b inhibitor. \*P\<0.05, \*\*P\<0.01 vs. scramble control; ^\#^P\<0.05, ^\#\#^P\<0.01 vs. inhibitor control. (D) Clonal assay was performed on control, miR-200b mimics and miR-200b inhibitor transfected CD133^+^ TC1 cells. (E) Neurosphere formation was detected in CD133^+^ TC1 cells transfected with control, miR-200b mimics and inhibitor. (F) The activity of AKT signaling (CD133, p-AKT, total AKT, Notch) in CD133^+^ cells with CD133 knockdown or miR-101 overexpression tested by western blot. GAPDH was used as an internal control. \*\*P\<0.01 vs. si-control; ^\#\#^P\<0.01 vs. scramble. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; miR, microRNA; GFAP, glial fibrillary acidic protein; GAP43, growth-associated protein 43; si, small interfering RNA; p-, phosphorylated; AKT, AKT serine/threonine kinase 1.](ol-13-06-4701-g03){#f4-ol-0-0-6055}
